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 (YDOXDWLRQGDWD
,QWKLVUHVHDUFKHPSOR\LQJLQWHUTXDUWLOHUDQJHZHH[FOXGHGRXWOLHUVRIPHDVXUHGGDWD,QWHUTXDUWLOHUDQJHLVFRPSXWHG
IURPPD[LPXPDEVROXWHYDOXHRIPHDVXUHGGHIOHFWLRQ:HWKHQFRPSXWHGLQWHUTXDUWLOHUDQJHVLQIDFHDQGWRHGLUHFWLRQ,Q
WKHUHVXOWZHLQWHQGHGWULDOVRXWRIWULDOVDVHYDOXDWLRQGDWD0RUHRYHUWRFRPSDUHWKHH[SHULPHQWDOGHIOHFWLRQZLWK
WKHVLPXODWHGGHIOHFWLRQZHFRPSXWHGDYHUDJHVRIWULDOVRIHDFKGHIOHFWLRQ7RFRPSXWHDYHUDJHVHDFKGHIOHFWLRQLV
H[WUDFWHGLQWKHPRGDOUDQJH
 5HVXOWVDQGGLVFXVVLRQV
 &RPSDULVRQRIH[SHULPHQWDOUHVXOWVDQGVLPXODWLRQUHVXOWV
:HFRPSDUHGWKHDYHUDJHRIH[SHULPHQWDOUHVXOWVZLWKWKHDYHUDJHRIVLPXODWHGUHVXOWVXVLQJJHQHUDOL]HGIRUFHLQ(TIRU
WKHGHIOHFWLRQVRIWKHIDFHGLUHFWLRQDQGWRHGLUHFWLRQ)LJDE,QWKLVILJXUHWKHF\DQPDUNۑVKRZVWKHPRGDODGGUHVV
WLPLQJ >V@ WKH UHGPDUN 㸨 VKRZV WKHPRGDO WRS WLPLQJ >V@ DQG WKHJUHHQPDUN ڹ VKRZV WKH LPSDFW WLPLQJ
GHILQHGDV>V@7KHH[SHULPHQWDOUHVXOWVZHUHREWDLQHGIURPWKH6PDUNHU)LJ)RUWKHIDFHGLUHFWLRQERWKWKHH[SHULPHQWDO
DQGVLPXODWHGGHIOHFWLRQVVKRZHGOHDGODJEHKDYLRUGXULQJVZLQJ)LJD>@+RZHYHUWKHUHZDV>FP@PDJQLWXGH
GLIIHUHQFHDWLPSDFWWLPLQJ)XUWKHUIRUWKHWRHGLUHFWLRQERWKWKHH[SHULPHQWDODQGVLPXODWHGGHIOHFWLRQVVKRZHGWRHXSGRZQ
EHKDYLRUGXULQJVZLQJ)LJE>@+RZHYHUWKHUHZDV>FP@PDJQLWXGHGLIIHUHQFHDWLPSDFWWLPLQJ7KHFDXVHRIWKLV
GLIIHUHQFHLVUHODWHGWRWKHLQSXWJHQHUDOL]HGIRUFH7KHUHIRUHZHGLYLGHGWKHJHQHUDOL]HGIRUFHLQWRHDFKFRPSRQHQW(TV
DQGGLVFXVVLWVLQIOXHQFHGXULQJWKHJROIVZLQJ
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 ,QIOXHQFHRIVKDIWDQGJULSLQHUWLD
:HGHPRQVWUDWHG WKH DYHUDJH RI VKDIW EHKDYLRU XVLQJ JHQHUDOL]HG IRUFH LQ(T  IRU WKH IDFH GLUHFWLRQ DQG WRH GLUHFWLRQ
GHIOHFWLRQV)LJDE(DFKUHVXOW¶VEHKDYLRUGXULQJWKHVZLQJVKRZHGVLPLODUUHVXOWVWRWKDWRI)LJDE+RZHYHUWKH
PD[LPXP GHIOHFWLRQ¶V PDJQLWXGH IRU HDFK UHVXOW LV DERXW WZHQW\ WLPHV ORZHU WKDQ WKH UHVXOWV LQ )LJ  D E +HQFH
GHPRQVWUDWLQJVKDIWEHKDYLRUUHOLHVPRUHRQWKHKHDGLQHUWLDWKDQWKHLQIOXHQFHRIWKHVKDIWDQGJULSLQHUWLD
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)LJ&RPSDULQJWKHDYHUDJHRIH[SHULPHQWDOUHVXOWVDQGVLPXODWLRQUHVXOWVDGHIOHFWLRQRIIDFHGLUHFWLRQEGHIOHFWLRQRIWRHGLUHFWLRQ
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 ,QIOXHQFHRIFOXEKHDGDFFHOHUDWLRQ
7KHDYHUDJHRIUHVXOWVIRUWKHGHIOHFWLRQVRI WKHIDFHGLUHFWLRQDQGWRHGLUHFWLRQDUHGHPRQVWUDWHGRQ)LJDE$WILUVW
JODQFHIRUHDFKUHVXOW¶VEHKDYLRUGXULQJWKHVZLQJWKHPDJQLWXGHRIWKHIDFHGHIOHFWLRQLQFUHDVHGIURPWKHDGGUHVVWRDOPRVW
>V@DQGGHFUHDVHGWRWKHWRS)LJD7KLVGHPRQVWUDWHVWKDWWKHLQIOXHQFHRIWKHFOXEKHDG¶VDFFHOHUDWLRQJHQHUDWHVIOXHQF\
IRUWKHIDFHGLUHFWLRQ7KHQIURPWKHWRSWR>V@WKHPDJQLWXGHRIWKHIDFHGHIOHFWLRQLQFUHDVHGDERXW>FP@E\JHQHUDWLQJ
DFFHOHUDWLRQ RI QHJDWLYH IDFH GLUHFWLRQ $QG IURP WKH >V@ WR LPSDFW WKH PDJQLWXGH RI WKH IDFH GHIOHFWLRQ GHFUHDVHG E\
JHQHUDWLQJDFFHOHUDWLRQRISRVLWLYHIDFHGLUHFWLRQIRUIROORZWKURXJK)LJD+RZHYHUWKHPDJQLWXGHRIWKHIDFHGHIOHFWLRQ
GHFUHDVHGPXFKOHVVWKDQLQFUHDVLQJPDJQLWXGH+HQFHWKHVHGHIOHFWLRQEHKDYLRURIIDFHGLUHFWLRQLQGLFDWHVWKHLQIOXHQFHRIWKH
FOXEKHDG¶VDFFHOHUDWLRQJHQHUDWHVDODJIRUWKHJROIFOXE0HDQZKLOHIRUWKHWRHGLUHFWLRQGHIOHFWLRQWKHPDJQLWXGHRIWKHWRH
GHIOHFWLRQ GHFUHDVHG IURP WKH DGGUHVV WR DOPRVW  >V@ DQG LQFUHDVHG WR WKH WRS )LJ  E 7KH UHVXOW RI WKLV IOXHQW VKDIW
EHKDYLRULVVLPLODUWRWKDWIRUWKHIDFHGHIOHFWLRQ7KHPDJQLWXGHRIWKHWRHGHIOHFWLRQWKHQGHFUHDVHGIURPWKHWRSWR>V@DQG
LQFUHDVHGWRLPSDFW)LJEGHPRQVWUDWLQJWKDWWKHLQIOXHQFHRIWKHFOXEKHDG¶VDFFHOHUDWLRQJHQHUDWHVWRHGRZQIRU>V@
DQGWRHXSIRUWKHLPSDFWE\DFFHOHUDWLRQRIQHJDWLYHWRHGLUHFWLRQIRUIROORZWKURXJK
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 ,QIOXHQFHRIWKHFOXEKHDG¶VDQJOHUDWH
7KHDYHUDJHRIUHVXOWVIRUWKHGHIOHFWLRQVYLDWKHFOXEKHDG¶VDQJOHUDWHLQHUWLDRIWKHIDFHDQGWRHGLUHFWLRQVDUHVKRZQLQ)LJ
DE7KHIDFHGHIOHFWLRQ¶VPDJQLWXGHZDVQHDUO\VWDWLFIURPWKHDGGUHVVWRWKHWRS)LJD7KHPDJQLWXGHRIWKHIDFH
GHIOHFWLRQWKHQGHFUHDVHGIURPWKHWRSWRWKHORZSRLQWDQGLQFUHDVHGXQWLODERXWFPIURPLPSDFWLQGLFDWLQJWKDWWKHLQIOXHQFH
RIWKHFOXEKHDG¶VDQJOHUDWHJHQHUDWHVDOHDGODJIRUWKHJROIFOXE)LJD0HDQZKLOHIRUWKHWRHGLUHFWLRQ¶VGHIOHFWLRQWKH
PDJQLWXGHRIWKHWRHGHIOHFWLRQZDVQHDUO\VWDWLFIURPWKHDGGUHVVWRWKHWRS)LJE7KHPDJQLWXGHRIWKHIDFHGHIOHFWLRQ
WKHQGHFUHDVHGIURPWKHWRSWRDORZSRLQWDQGLQFUHDVHGXQWLODERXW>FP@IURPLPSDFW)LJE7KLVGHPRQVWUDWHVWKDWWKH
FOXEKHDG¶VLQIOXHQFHJHQHUDWHVWRHGRZQXS
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 ,QIOXHQFHRIDQJXODUDFFHOHUDWLRQRIWKHFOXEKHDG
7KHDYHUDJHRIUHVXOWVIRUWKHGHIOHFWLRQVYLDWKHFOXEKHDG¶VDQJXODUDFFHOHUDWLRQIRUWKHIDFHDQGWRHGLUHFWLRQVDUHVKRZQLQ
)LJDE7KHPDJQLWXGHRIWKHIDFHGHIOHFWLRQGHPRQVWUDWHGIOXHQWEHKDYLRUIURPWKHDGGUHVVWRWKHWRS)LJD7KH
PDJQLWXGHRI WKHIDFHGHIOHFWLRQ WKHQGHFUHDVHGIURPWKH WRS WR >V@)URP>V@ WR WKH LPSDFW WKHPDJQLWXGHRI WKH

)LJ7KHDYHUDJHRIVLPXODWLRQUHVXOWVZLWKWKHFOXEKHDG¶VDFFHOHUDWLRQLQHUWLDDGHIOHFWLRQRIIDFHGLUHFWLRQEGHIOHFWLRQRIWRHGLUHFWLRQ
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IDFHGHIOHFWLRQ WKHQ LQFUHDVHG IRU IROORZWKURXJK7KH UHDVRQRI WKLV LQFUHDVLQJ LVFRQVLGHUHGDVKHDG URWDWLRQDURXQGYHUWLFDO
GLUHFWLRQ IRU IROORZWKURXJK ILJ  +RZHYHU WKH PDJQLWXGH RI WKH IDFH GHIOHFWLRQ LQFUHDVHG PXFK OHVV WKDQ GHFUHDVLQJ
PDJQLWXGH+HQFH WKH LQIOXHQFH RI WKH FOXE KHDG¶V DQJOH UDWH JHQHUDWHV WKH JROI FOXE¶V OHDG )LJ  D0HDQZKLOH IRU WKH
GHIOHFWLRQRIWKHWRHGLUHFWLRQWKHPDJQLWXGHRIWKHWRHGHIOHFWLRQGHPRQVWUDWHGIOXHQWEHKDYLRUIURPWKHDGGUHVVWRWKHWRS)LJ
E7KHPDJQLWXGHRIWKHIDFHGHIOHFWLRQWKHQLQFUHDVHGIURPWKHWRSWRDKLJKSRLQWDQGGHFUHDVHGXQWLODERXW>FP@IURP
LPSDFW)LJEGHPRQVWUDWLQJWKDWWKHFOXEKHDG¶VDQJXODUDFFHOHUDWLRQLQIOXHQFHVWRHGRZQ
















 &RQFOXVLRQV
,QWKLVSDSHUWRVWXG\WKHLQIOXHQFHRIJROIFOXELQHUWLDZHUHVROYHGLQHUWLDIRUFHDQGGHPRQVWUDWHGVKDIWEHKDYLRUZLWKVKDIW
DQGJULSLQHUWLDWKHFOXEKHDG¶VDFFHOHUDWLRQLQHUWLDWKHFOXEKHDG¶VDQJOHUDWHLQHUWLDDQGWKHFOXEKHDG¶VDQJXODUDFFHOHUDWLRQ
LQHUWLD$VDUHVXOWRIWKLVUHVHDUFKZHUHDFKHGWKHIROORZLQJFRQFOXVLRQV
 'HPRQVWUDWLQJVKDIWEHKDYLRU UHOLHV WRDJUHDWH[WHQWRQ WKHKHDG LQHUWLD UDWKHU WKDQ WKH LQIOXHQFHRI WKH VKDIWDQGJULS
LQHUWLD
 7KH LQIOXHQFHRI WKHFOXEKHDG¶VDFFHOHUDWLRQJHQHUDWHV ODJRI WKHJROIFOXEDQG WRHGRZQ+RZHYHU WKHSRVLWLYHDQG
QHJDWLYHRIGHIOHFWLRQEHKDYLRUFKDQJHVE\FKDQJLQJRISRVLWLYHDQGQHJDWLYHRIDFFHOHUDWLRQFORVHWRWKHLPSDFWWLPLQJ
 7KH LQIOXHQFH RI WKH FOXE KHDG¶V DQJOH UDWH FRQVLVWHQWO\ JHQHUDWHV ODJ RI WKH JROI FOXE DQG WRH XS FORVH WR WKH LPSDFW
WLPLQJ
 7KHLQIOXHQFHRIWKHFOXEKHDG¶VDQJXODUDFFHOHUDWLRQJHQHUDWHVOHDGRIWKHJROIFOXEDQGWRHGRZQ+RZHYHUWKHSRVLWLYH
DQGQHJDWLYHRIGHIOHFWLRQEHKDYLRURIIDFHGLUHFWLRQFKDQJHVE\FKDQJLQJRIKHDGURWDWLRQDURXQGYHUWLFDOGLUHFWLRQIRU
IROORZWKURXJKFORVHWRWKHLPSDFWWLPLQJ
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